INTRODUCTION
Skull defects may result from congenital anomalies, infection, trauma, radiation necrosis, craniotomy, and surgical excision. [1, 2] Reconstruction is mandatory as such defect poses great threat to patient's psychological status along with number of symptoms together referred to as "syndrome of trephined." [1] Cranioplasty is the corrective procedure done to restore the function and the structural support of the lost cranium bone. [3] A variety of materials have been described in the literature to restore the integrity of lost cranium. They can be autograft, allograft, xenograft, synthetic material, or a combination. Bone grafts have been used for years in various corrective and cosmetic procedures. [4, 5] With the better understanding of immunology (graft rejection and histocompatibility) and due to high risk of transmission of diseases, especially viral infections, xenografts, and allografts (from cadavers) are no longer used in calvarial reconstructive surgeries. [3] Currently, cranioplasty is done mainly using autologous tissue, alloplastic materials, or a combination of both. [1, 3] An alloplast is an inert, avascular foreign body. Alloplastic materials widely used are polymethylmethacrylate (PMMA), ceramics, hydroxyapatite, polyether ether ketone, carbon fiber reinforced polymer, and titanium mesh. [1, [3] [4] [5] [6] Its use is not preferred in children as it cannot keep up with the dynamic contouring of the growing cranium. Furthermore, its use is discouraged in problem recipient beds with soft-tissues erosion or paranasal sinus exposure which may result in implant infection. Apart from this, there are reports of late exposure and failure of alloplastic cranioplasties. [7] In view of the above facts, autologous bone grafts that had been relatively set aside due to new alloplastic materials have been re-established as the most suitable, safe, and natural material for cranial reconstruction. [8] Talking about autologous bone graft in cranial reconstruction, split calvarial bone (outer tabula of the calvarium) and split-rib graft are most frequently used techniques currently. Other options include the sternum, scapula, tibia, and iliac crest. [3] [4] [5] Rib graft is one of the avascular osseous and osteochondral grafts that have numerous applications in reconstructive procedures. The purpose of this article is to assess the utility, technical details, outcome, and complications of the split-rib graft in calvarial defect reconstruction and share our experiences and technical nuances.
MATERIALS AND METHODS
This retrospective study was conducted in the Department of Plastic and Reconstructive Surgery, Sawai Man Singh Medical College, Jaipur, from 2012 to 2017. All patients reported to us in the Outpatient Department or were referred to us from the Department of Neurosurgery, Sawai Man Singh Medical College, Jaipur.
Inclusion criteria
The inclusion criteria were as follows: In our study, we have included the patient only after complete treatment of the primary etiology of disease and clearance from the neurosurgery/oncosurgery department. All the patients were examined thoroughly, and general fitness was obtained before surgery. The medical and radiographic records of patients were reviewed. Operative records were inspected for intraoperative findings, surgical details, and transfusion data. Postoperational records were reviewed for complications related to the surgery as well as clinical outcome.
All the patients were operated with due consent by common team. The patients were operated under general anesthesia in the supine position. Preoperative, intraoperative, postoperative, and follow-up photographs were taken, and record of each patient was maintained [ Figures 1-11 ].
For harvesting ribs, incision was given over the right lower chest centered over the 7 th rib. Size of the incision depended on the size of defect and amount of rib required for reconstruction. In case of large defects, we place incision more laterally, thus allowing larger segment of the rib to be harvested with natural contour simulating the shape of the cranium. Furthermore, alternate ribs were harvested to prevent contour deformity and split to increase the surface area. Although we have routinely split ribs even in small defect, because we believe this not only increases surface area but also increases flexibility which helps in achieving better contour. Furthermore, splitting exposes the cancellous portion of rib which increases the chances of graft survival by promoting vascularity. We used subperichondral dissection to harvest rib which also minimized the incidence of damaging underlying pleura. After harvesting, hemostasis was achieved, perichondral layer was closed, and pleural integrity confirmed, followed by closure of incision in layers with vicryl 3-0 for muscle and subcutaneous layer and nylon 3-0 for the skin. Whenever possible, we used two-team approach in order to decrease the operative time.
For preparing the recipient site, the previous incision was used whenever possible. The defect was exposed from all the sides. Dura was carefully dissected off the margins of defect. Bone is nibbled until the healthy bone was encountered seen as bleeding from the edges. Margins of the defect were beveled so that graft can fit snugly. We used fine stainless steel wires for fixation of the rib graft. Scalp closed after achieving hemostasis. Dressing was done on the 2 nd -postoperative day then biweekly. Patients were discharged on the 5 th -7 th -postoperative day.
RESULTS
A total of 22 patients were operated during the study period, which included 18 males and 4 females. Out of these, 14 patients were postcraniotomy following trauma, 5 were electric burn survivors, and 3 had tumor resection. Patient's age ranged between 11 and 49 years. The mean age was 23 years. The location of the defect is shown in Table 1 . Seventeen patients had medium-sized defect (12-25 cm 2 ), three had small-sized defect (<12 cm 2 ), and two had large-sized defect (>25 cm 2 ). The average operative time recorded was 2 h. Of the 22 patients, only one patient required blood transfusion. None of the patients developed major intraoperative or postoperative donor-site complications in terms of hemothorax, pneumothorax, loss of chest wall contouring, significant postoperative chest pain, and scarring. One patient had pain at donor site up to 13 th -postoperative day which subsided spontaneously. No postoperative infections were encountered. All the cases showed excellent cranial contour, which was assessed clinically. Graft resorption was not recorded in any of our patient during follow-up. The mean duration of follow-up was 18 months (range: 6-36 months).
DISCUSSION
The main objective of cranial tissue reconstruction is to have a tension-free, durable, and esthetically acceptable cranium. [9] According to the literature, cranioplasty is indicated in the following conditions: [2, 7, 9] 1. Neurological issues: severe headache, dizziness, irritability, discomfort, epilepsy, pulsatile defect, and pain at the site of the defect 2. Feeling of apprehension and insecurity 3. Depression 4. Intolerance to noise and vibration 5. Cosmetic/esthetic issues 6. Fatigability 7. When defect increases the risk of injury to underlying structures.
The decision regarding the type of graft in cranioplasty must be influenced by the patient's age, prognosis, activity level, the specific condition of the calvarium, size of the defect, and condition of the recipient bed. Inadequate choice of graft material can result in improper coverage, leading to defect exposure, wound breakdown, repeated surgeries, patient distress, and prolonged hospital stay.
[10]
The ideal graft material should be biocompatible, osteoinductive, osteoconductive, readily available, ready to use, easily adaptable to the site in terms of size and shape, biodegradable, lightweight, rigid, replaceable by host bone, esthetically suitable, durable, protective, and should be resistant to heat and cold, sterile, radiotransparent, nonmagnetic, with the least possibility to cause a tissue rejection, does not result in allergic reaction and inexpensive. [2] [3] [4] However, till date, there is no material which has all these properties. This has given rise to a constant debate regarding the superiority of one over the other.
Of the various techniques mentioned in literature, autologous bone grafts remain the gold standard, but recent trend appears to be shifting toward alloplastic reconstruction. [4] The most important characteristic of fresh autogenous bone graft material is its potential to get incorporated as a living tissue. This aid cannot be matched by any existing alloplast. [7, 11] Other advantages of autologous bone graft are low risk of graft rejection, provision for replacing like with like, low risk of infection, and better osteointegration. Limitations include inadequate amount, difficulty in attaining proper shape and contouring, potential of resorption, donor-site morbidity, risk of inadvertent injury to nearby tissue during harvest, and increase in operative time. [12, 13] We preferred autogenous split-rib bone in our study because of its beneficial properties such as improved healing in bacterially contaminated beds, minimal blood loss, and minimal donor-site morbidity. [14, 15] Other advantages of split costal graft are listed in Table 2 .
Literature available on split-rib graft reconstruction is lacking when compared to enormous studies available on split cranium bone graft which is considered ideal by most neurosurgeons. In 1911, Dobrotworski used ribs for the first time in cranioplasty. Later, Longacre and Destefano modified the technique by splitting the ribs into two, which is popular worldwide. [2, 17] Complication rate of cranioplasty depends on the graft used primarily and varies from 10% to 22%. [4, 12] Reported hazards of rib graft cranioplasty include pneumothorax, hemothorax, persistent pain, scarring at the donor site, extensive bone resorption, contour deformities, prolonged operative time, lack of protective effect during the healing period, and requirement of multiple ribs for large defects in staged reconstruction. [3, 13, 15, 16] Adequate debridement of bone up to healthy margin, good vascular flap coverage, and tension-free wound closure are few tricks that helped us in avoiding complications and achieving good results. We did not encounter any major complications in terms of pneumothorax, hemothorax, infection, excessive scarring at donor site, contour deformities, and chronic chest pain. Similar results were also obtained by Sahoo et al., [15] Taggard and Menezes. in pediatric patients, [16] and Mahrous et al. [17] However, Kawakami et al. reported a single case of hemothorax out of six cases operated by them. [18] 
Advantages
Rib belongs to the patient's own body, no foreign body reaction is seen It is preferred for revision of cases which get infected as rate of infection is significantly low with rib grafts Furthermore, there are reports stating that the donor ribs fully regenerates Easily adapts to the edges of the defect resulting in better fusion Contains osteoblasts which enhance osteoinduction Splitting can be done to increase surface area Can be used in all age groups (compare with split calvarial graft usually avoided in extremes of age and alloplastic grafts avoided in children as they do not grow with the growing skull) [3] No extrafinancial burden on patients (compare with alloplasts which are usually expensive) Grows along with expanding cranium of children (compare with alloplasts size of which is constant) Minimal donor-site morbidity and scar is easily concealed in normal clothes Easy to handle and fix at recipient site Can be easily shaped in accordance with the defect Has lower rate of resorption Two-team approach can be used to reduce operative time Most neurosurgeons prefer split cranial graft, but the literature suggests greater blood loss during harvest when compared with rib graft harvest which is associated with minimal blood loss as seen in our study and only one of our patients required blood transfusions. Although Tessier et al. reported two cases of secondary bleeding in their 2900 cases of rib harvest for craniofacial reconstruction. [19] Another problem associated with autogenous bone graft is its limited availability. Many researchers believe that autografts are insufficient for covering large defects and should be preferred for small-and medium-sized defects only. [3, 7] However, we did not face this issue in both of our cases having large-sized defect of 80 cm 2 and 110 cm 2 , respectively. Similar results were obtained by Haleem et al., wherein skull defects up to 180 cm 2 were successfully covered using split-rib graft. [20] There are reports from other researchers as well, wherein successful results have been obtained in correcting large calvarial defect using split costa grafts. [8, 10] We suggest more studies assessing the use of splitrib graft in large defects reconstruction. This will further add to our knowledge.
Among alloplastic materials, PMMA is the most commonly used material along with titanium mesh. It is claimed to be very effective, alternative with few technical modifications by many surgeons. [4] With the advent of computer-aided design and manufacturing, both metal and acrylic cranial implants can now be designed and manufactured to precisely fit the patient's defect. However, the main limitations of these alloplasts include their cost, foreign body reaction, infection, exothermic reaction-related tissue damage resulting in graft exposure, and rejection. [4, 21] Furthermore, these materials are not ideal for developing cranial vault as they do not grow. [13] We preferred stainless steel wires for graft fixation because titanium plate and screws would have increased the alloplastic content of reconstruction. Furthermore, plates and screw fixation lead to relatively rigid fixation which may affect the dynamic contouring of cranium, especially in pediatric patients. Furthermore, there are studies reporting infection rate up to 7.4% and exposure rate up to 3.3% and risk of plate migration as well. [13, 20, 21] Limitations of the study
The present study could not provide the comparison of various autologous and alloplastic reconstructions. We were not able to compare the results of rib cranioplasty using various fixation techniques of graft, and our sample size was small.
CONCLUSIONS
The use of autologous rib graft for cranioplasty, particularly in young age group, was found to be cost-effective, easily harvested with minimum blood loss, molded to the skull shape well, and osteointegrated adequately with the surrounding bone, thus offering good brain protection and is associated with low complication rate in relation to other techniques. However, prospective studies comparing autologous rib grafts with alloplastic materials need to be done.
Declaration of patient consent
The authors certify that they have obtained all appropriate patient consent forms. In the form the patient(s) has/have given his/her/their consent for his/her/their images and other clinical information to be reported in the journal. The patients understand that their names and initials will not be published and due efforts will be made to conceal their identity, but anonymity cannot be guaranteed.
